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Objectives: To determine whether alterations in intracranial volume occurred following cross-clamping of the descending 
thoracic aorta in pigs. 
Design and setting: Laboratory animal study. 
Materials: Eight pigs undergoing cross-clamping of the descending thoracic aorta for 30 rain. 
Chief outcome measures: A Philips Gyroscan T5-II Release 3 (0.5 T) was used to obtain intracranial images before cross- 
clamping, during cross-clamping and after declamping. The ventricular volume was measured on Spin Echo Tl-weighted 
images. The signal intensity of the cerebral tissue was measured on Spin Echo T2-weighted images. Increased signal 
intensity of the cerebral tissue relative to an external reference was used as an indicator of cerebral oedema. 
Main results: The ventricular volume decreased to89% (p < 0.01) of the baseline value after 5 rain of cross-clamping. At
5 min after declamping the ventricular volume decreased further to 71% (p < 0.01). At 25 min after declamping the 
ventricular volume had returned to the baseline value. The signal intensity of the cerebral tissue did not differ from baseline 
values following aortic cross-clamping. 
Conclusions: In this study, ventricular volume decreased following cross-clamping of the descending thoracic aorta. Since 
no cerebral oedema was observed, the decrease ofventricular volume was most likely due to increased intracranial blood 
volume. 
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Cerebrospinal fluid pressure. 
Introduction 
During cross-clamping of the descending thoracic 
aorta the arterial blood pressure proximal to the aortic 
clamp is increased and the arterial blood pressure 
distal to the aortic clamp is decreased. Simultaneously, 
the cerebrospinal fluid pressure is increased. 1"2 It is 
assumed that the perfusion pressure to the spinal cord 
is reduced during cross-clamping of the descending 
thoracic aorta due to decreased istal arterial blood 
pressure. Increased cerebrospinal fluid pressure may 
further decrease the perfusion pressure and thus cause 
ischaemic lesions to the spinal cord. 2'3 Such lesions can 
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lead to neurological sequelae in patients following 
operations for thoracic and thoracoabdominal aortic 
aneurysms. 4,5
The mechanism leading to increased cerebrospinal 
fluid pressure is unknown. Possible mechanisms are: 
(1) increased cerebrospinal fluid volume, (2) increased 
intracranial or intraspinal blood volume and (3) 
increased cerebral or spinal cord tissue volume. 6 Since 
the cranium and spinal canal are unexpandable, 
increased intracranial or intraspinal volume may lead 
to increased cerebrospinal fluid pressure. 7 
The purpose of this study was to determine whether 
alterations in intracranial volume occurred following 
cross-clamping of the descending thoracic aorta in 
pigs. Magnetic resonance imaging (MRI) was used to 
obtain intracranial images. Alterations in intracranial 
volume were assessed by measuring ventricular vol- 
ume and signal intensity of cerebral tissue. Increased 
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signal intensity of the cerebral tissue was used as an 
indicator of cerebral oedema. 
Material and Methods 
Surgical preparation 
Eight pigs (23-30 kg) were premedicated with azaper- 
one (15 mg/kg LM.) and diazepam (1 mg/kg ~.M.). 
Anaesthesia was induced with thiopentone (100 mg 
i.v.), atropine (0.5 mg i.v.) and ketamine (20 mg/kg i.v.), 
and maintained with continuous infusion of ketamine 
(20 mg/kg /h  i.v.) and fentanyl (0.05 mg/kg /h  i.v.). 
Immobilization was obtained with pancuronium (0.2 
mg/kg /h  I.v.). 
The pigs were tracheostomised and ventilated with 
40% 02 in room air by a dual phase respirator pump 
(Harvard Apparatus, U.S.A.). The respirator was 
adjusted to maintain arterial pCO2 within normal 
values (4.6-5.8 kPa). 8 Acetated Ringer's solution (130 
retool/l) was infused (10 ml /kg /h  i.v.) for basal fluid 
requirements. A one lead ECG was recorded to 
monitor heart ra~e. 
A catheter was inserted into the urinary bladder. 
Body temperature was monitored with a rectal probe 
and maintained within normal values (37.0-39.6) s 
with a heating pad. Catheters were inserted into the 
aorta via the right axillary artery and the right femoral 
artery to measure proximal and distal aortic pressures. 
In addition, a catheter was inserted into the right 
femoral vein for infusion of fluid. The aorta was 
prepared for cross-clamping just distal to the left 
subclavian artery through a left thoracotomy in the 
fifth interspace. 
Experimental protocol 
After surgical preparation the pigs were placed in a 
Philips Gyroscan TS-II Release 3 (0.5T) with a head 
coil. Two external references containing olive oil and 
agar were fixed to the forehead. To ventilate the pigs 
an Omni-Vent respirator (Omni-Vent Series D MRI, 
Medical Equipment Inc, U.S.A.) was used. The respi- 
rator was adjusted to maintain arterial pCO2 within 
normal values. After at least a 30-min period of 
stabilisation, baseline measurements of haemody- 
namic variables were made and intracranial Spin Echo 
Tl-weighted and T2-weighted images were obtained. 
The descending thoracic aorta was then cross-clamped 
just distal to the left subclavian artery. To prevent 
acidosis 50 mmol of sodium bicarbonate was infused 
i.v. during cross-clamping. After 15 rain of cross- 
clamping, measurements of haemodynamic variables 
were repeated. After 25 rain of cross-clamping, 500 ml 
of acetated Ringer's olution was infused Lv. The aorta 
was declamped after a 30-min period of cross- 
clamping. Fifteen rain after declamping measure- 
ments of haemodynamic variables were repeated. 
Spin Echo Tl-weighted images were obtained after 
5 and 25 rain of cross-clamping and 5 and 25 rain after 
declamping. Spin Echo T2-weighted images were 
obtained after 15 rain of cross-clamping and 15 rain 
after declamping. The following haemodynamic vari- 
ables were measured: heart rate, proximal aortic 
pressure and distal aortic pressure. In addition blood 
samples were collected from the proximal aorta at 
baseline before cross-clamping, after 15 rain of cross- 
clamping and 15 rain after declamping for measure- 
ment of blood gases (IL 1306, pH/Blood Gas Analyser, 
Instrumentation Laborator)~ U.S.A.). At the end of 
each experiment the pig was killed with an overdose 
of pentobarbital sodium i.v. The experimental protocol 
was approved by the Norwegian Experimental Ani- 
mal Board. 
Measurements 
Transverse Spin Echo Tl-weighted images (TR 500/TE 
20) were obtained to determine whether alterations in 
ventricular volume occurred following cross-clamping 
of the descending thoracic aorta. To calculate ven- 
tricular volume, the transverse area of the third 
ventricle and the portion of the lateral ventricles 
anterior to the third ventricle were first measured on 
each image slice (Software Gyroview-HR elease 1.5). 
This area was then multiplied by the slice thickness of 
the image (2 ram). The ventricular volume thus 
calculated on each slice were added together. The 
ventricular volume posterior to the third ventricle was 
not calculated since the border of the ventricular wall 
was difficult to determine due to the plexus chor- 
oideus lining the ventricular wall. On coronal Spin 
Echo T2-weighted ouble-echo images (TR 2200/TE 
100) the signal intensity of the cerebral grey and white 
matter was measured (Software Philips Gyroview-HR 
Release 1.5) to determine whether cerebral oedema 
occurred. An increase in signal intensity relative to an 
external reference, was used as an indicator of cerebral 
oedema. 9 Since fluids have a longer T2 than gray and 
white matter, they will have relative higher signal 
intensity in T2-images. Each series of images was 
obtained over a 6 rain period. The catheters in the 
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aorta were connected to disposable pressure trans- 
ducers (Sorensen Transpac II, Abbott Laboratories, 
U.S.A.). Proximal and distal aortic pressures and heart 
rate were recorded continuously on a Marquette 
monitor (Marquette Tramscope 12c, Marquette Elec- 
tronics, U.S.A.). 
Analysis of data 
Data are reported as mean + S.D. Student's t-test was 
used to determine if there were any significant 
differences in measurement means before and during 
cross-clamping or before and after declamping. Differ- 
ences were considered significant at p < 0.05. 
Results 
The ventricular volume decreased to 89 + 8% 
(p < 0.01) of the baseline value after 5 min of cross- 
clamping and to 91 _+ 8% (p = 0.02) after 25 min of 
cross-clamping of the descending thoracic aorta (Fig. 
Table 1. Signal intensity of cerebral grey and white matter at 
baseline before cross-clamping, during cross-clamping and after 
declamping of the descending thoracic aorta in pigs 
During After 
Variable Baseline cross-damping declamping 
Signal intensity of 
grey matter (%) 100 99_+10 97+-11 
Signal intensity of 
white matter (%) 100 100+10 96+_8 
Values are means -+ S.D. for seven pigs. 
1). Five minutes after declamping the ventricular 
volume further decreased to 71 _+ 10% (p < 0.01) of the 
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Fig. 1. Ventricular volume during cross-clamping and after 
declamping of the descending thoracic aorta in pigs. Values are 
means +_ s.r). for seven pigs. *p < 0.05, ** p < 0.01 vs. baseline. 
baseline value. At 25 min after declamping the 
ventricular volume had returned to the baseline value 
(p > 0.05) (Fig. 1). The signal intensity of the cerebral 
grey and white matter did not differ significantly from 
baseline values during cross-clamping or after 
Table 2. Haemodynamic variables and paCO 2 at baseline before 
cross-clamping, during cross-clamping and after declamping of the 
descending thoracic aorta in pigs 
During After 
Variable Baseline cross-damping declamping 
Mean proximal aortic 
pressure (mmHg) 97 + 17 152 +_ 18" 66+6* 
distal aortic pressure 
(mmHg) 98 +_ 18 12 +- 3* 66+_7* 
Heart rate (beats/min) 89 + 21 185_+ 32* 112+_26" 
paCO~ (kPa) 5.3 -+ 0.3 4.6 +_ 0.9 5.8_+0.7 
Values are means _+ S.D. for eight pigs. 
*p < 0.01 vs. baseline. 
declamping (Table 1). Images from one pig were 
excluded due to artefacts caused by electrical inter- 
ference from the monitor ing equipment. 
Mean proximal aortic pressure increased from a 
baseline value of 97 _+ 17 mmHg to 152 + 18 mmHg 
(p < 0.01) during cross-clamping. At the same time 
mean distal aortic pressure decreased from a baseline 
value of 98 + 18 mmHg to 12 + 3 mmHg (p<0.01) 
(Table 2). Arterial pCO2 was 5.3 _+ 0.3 kPa at baseline 
and did not differ significantly during cross-clamping 
or after declamping. 
Discussion 
In this study, the ventricular volume decreased uring 
cross-clamping of the descending thoracic aorta in 
pigs. This finding indicates that the volume outside 
the ventricular system increased. Possible explana- 
tions could be increased intracranial or intraspinal 
blood volume or increased cerebral or spinal cord 
tissue volume. This can also explain the increased 
cerebrospinal f uid pressure observed during cross- 
clamping of the descending thoracic aorta in numer- 
ous studies) '2'1°'n Increased cerebrospinal f uid vol- 
ume can be ruled out as a possible explanation of 
decreased ventricular volume, since this would 
increase rather than decrease ventricular volume. This 
is in accordance with the previous finding that 
cerebrospinal fluid production was not affected dur- 
ing cross-clamping of the descending thoracic 
aorta, s0 
The most likely explanation of the decreased ven- 
Eur J Vasc Endovasc Surg Vol 10, July 1995 
Intracranial Volume Following Aortic Cross-clamping 39 
tricular volume is increased intracranial blood vol- 
ume. Increased intracranial blood volume may be due 
to either arterial vasodilatation 12 or venous conges- 
tion. 13"14 Other studies in pigs have shown that the 
cerebral blood flow increased uring cross-clamping 
of the descending thoracic aorta. This finding has been 
demonstrated by blood flowmetry of the precerebral 
arteries, transcranial Doppler examinations of the 
middle cerebral artery as well as laser Doppler 
flowmetry of the cerebral microcirculation. 1~ In 
patients undergoing operation for thoracic and thor- 
acoabdominal ortic aneurysm, our group has demon- 
strated an increased blood flow velocity of the middle 
cerebral artery during cross-clamping. (R. Juul et al. 
unpublished observations) 
Another explanation for the decreased ventricular 
volume could have been increased cerebral or spinal 
cord tissue volume. However, since no cerebral 
oedema was observed following cross-clamping of the 
descending thoracic aorta, cerebral oedema is unlikely 
to be the explanation of the decreased ventricular 
volume. In this study, an increase in signal intensity of 
the cerebral tissue relative to an external reference was 
used as an indicator of cerebral oedema. This 
approach is reasonable since in other studies a relative 
increase in signal intensity has been shown to be a 
sensitive indicator of cerebral oedema. 9 
The ventricular volume further decreased at 5 min 
after declamping. In animal studies of cerebral blood 
flow during cross-clamping and after declamping of 
the descending thoracic aorta, the blood flow then 
returned to baseline value. ~5 If increased intracranial 
blood volume due to increased cerebral blood flow 
had been the only cause of the decreased ventricular 
volume, one might expect a parallel return of ven- 
tricular volume to the baseline value at 5 rain after 
declamping, but the reason for this discrepancy 
remains unclear. 
The clinical implications of our findings must be 
interpreted with caution. In patients undergoing 
cross-clamping of the descending thoracic aorta, a 
relatively large volume of cerebrospinal fluid (20-220 
ml) often needs to be removed to normalise the 
cerebrospinal fluid pressure intraoperatively. 16 
Although simple volume displacement could be 
responsible for the initial acute increase of cerebro- 
spinal fluid pressure, additional mechanisms may 
play a part in the pressure increase observed uring 
cross-clamping of the descending thoracic aorta in 
patients. 
In conclusion, this study in pigs showed that the 
ventricular volume decreased uring cross-clamping 
of the descending thoracic aorta. The most likely 
explanation for the decreased ventricular volume is 
increased intracranial blood volume since no cerebral 
oedema was observed. 
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